Japan, where the numbers of those aged 65 and older are increasing each year, we need to clarify modifiable risk factors that predict the future decline in activity of daily living (ADL) 1, 2) . ADL is often used to evaluate the disabled elderly, for example, those requiring rehabilitation or nursing home admission; however, as ADL is not suitable for screening elderly residents who are not disabled but have a potential need for home health-care services 3) , another indicator is needed to evaluate the ability to live independently in the community. Instrumental activity of daily living (IADL) has been used in this manner 4) ; however, most previ-
Objectives
It is very important to create a society in which the elderly can live a healthy and active life for as long as possible. To minimize disability in elderly people in ous studies to clarify the determinants of IADL have been cross-sectional in design.
Cardiovascular risk factors, such as hypertension, dyslipidemia, and diabetes, are often clustered [5] [6] [7] . The presence of multiple risk factors, recently termed metabolic syndrome, has been reported to increase the risk of developing or dying from cardiovascular disease such as myocardial infarction and stroke 8, 9) . However, to our knowledge, few studies have examined the relationship between the accumulation of cardiovascular risk factors and a future decline in IADL in a community setting.
Accordingly, we attempted to followup a cohort thought to be representative of the Japanese population to evaluate the relationship between the 5-year decline in IADL and the accumulation of cardiovascular risk factors measured in the National Survey of Circulatory Disorders, 1990.
Methods
A cohort study of the participants in the 4th National Survey on Circulatory Disorders, Japan was performed in 1990, NIPPON DATA90 (National Integrated Project for Prospective Observation of Non-communicable Disease And its Trends in the Aged, 1990). The details of this cohort have been previously reported 1, 2, 5, [10] [11] [12] [13] [14] . A total of 8,384 community residents (3,504 men and 4,880 women, ≥ 30 years old) from 300 randomly selected districts participated in the survey and were followed until November 15, 2000 . The overall population aged 30 years and older in all districts was 10,956, and the participation rate was 76.5%. Accordingly, these participants were thought to be representative of the Japanese population.
We performed a survey of basic ADL and IADL in 1995 (baseline) and 2000 of the elderly (≥ 65 years in 1995) members of this cohort. This survey was performed by the public health centers whose jurisdiction included cohort districts of NIPPON DATA90. Of 284 health centers, 245 collaborated with the present study; 1945 participants were living in districts under the jurisdiction of collaborating health centers in 1995, and 301 had died or moved to different districts by 2000. Accordingly, 1644 participants were included in the present study. Of these, 36 declined to participate, 89 could not be contacted, and 297 had missing information at 2000; therefore, 1222 subjects (492 men, 730 women) were eligible for analysis.
We used the Tokyo Metropolitan Institute of Gerontology (TMIG) Index of Competence, a widely used scale for measuring IADL with demonstrated reliability and validity 3, 15) . The first five questions (No. 1 − 5) inquire about instrumental independence, the subsequent four (No. 6 − 9) about intellectual activity, and the final four (No. 10 − 13) about social roles. The respondent selects either "yes" (one point) or "no" (zero points), for a maximum score of 13 points 3, 15) . Participants were also asked about five basic (physical) ADL items (Feeding, Dressing, Bathing, Toileting, and Transfer: walking indoors) and whether each of these could be accomplished without help, with partial help, or with full help. "Physical ADL decline" was defined as partial or full support needed to perform any of the five basic ADL items 1, 2) . We used home-visit interviews to assess subjects; if this was impractical, the questions were asked over the phone or the questionnaire was mailed.
Risk factors for cardiovascular disease were defined as the following seven items in 1990: hypertension (systolic blood pressure, SBP ≥ 140 mmHg and/or diastolic blood pressure, DBP ≥ 90 mmHg), diabetes (casual blood glucose ≥ 200 mg/dL and/or HbA1c ≥ 6.0), hypercholesterolemia (total cholesterol, TCH ≥ 240 mg/dL), low serum high-density lipoprotein (HDL) cholesterol (HDLC 40 mg/dL), high serum triglyceride (TG) (TG 150 mg/dL), obesity (BMI ≥ 25 kg/m 2 ), and current smoking. We examined whether the difference in IADL scores differs depending on the presence or absence of each risk factor. A t -test or one-way analysis of variance was conducted for continuous variables and a chi-square test for proportions, and linear regression analysis to evaluate the relationship between the number of risk factors and the 5-year difference in IADL scores. The individual 5-year difference in IADL scores was calculated by subtracting the score in 1995 from that in 2000. We also performed logistic regression analysis to evaluate the relationship between the number of risk factors and IADL decline. In logistic regression analysis, we defined IADL decline as a 2-point decline in the TMIG score between 1995 and 2000, as a previous study reported that a difference of 1 point in the TMIG score was within the error range 16) .
In both regression analyses, we adjusted for age, sex and alcohol consumption as confounding factors (Model 1). Further adjustment of the TMIG score at baseline (in 1995) was also performed (Model 2). A p value of 0.05 was considered significant.
The Statistical Package for the Social Sciences (SPSS Japan Inc. version 14.0J, Tokyo, Japan) was used for analyses.
The present study was approved by the Institutional Review Board of Shiga University of Medical Science (No. 12 − 18, 2000).
Results
The mean age of subjects in 1995 was 71.9 (standard deviation, SD 5.0) years for men and 72.8 (SD 5.7) years for women. The difference in IADL scores rated by the TMIG Index of Competence is shown by sex and age group in Table 1 . Between the two surveys, mean IADL scores decreased significantly in the older age groups in both men and women. The absolute value of decrease in the IADL scores was also large in the older age groups in both men and women. In men aged 65 to 69, the decrease in the IADL score was 0.412 points, while in those aged 85 years and older, it was 3.167. In women aged 65 to 69, the decrease in IADL score was 0.476 points, while in those aged 85 and older it was 3.143.
Participants were classified into "risk status categories" according to the number of cardiovascular risk factors (obesity, hypertension, hypercholesterolemia, diabetes, low serum HDLC, high serum TG, and current smoking). Table 2 shows the means and prevalence of each risk factor. There was no difference in mean age between the risk status categories. Hypertension was the most prevalent risk factor in all categories except for the 4 risk factor category in women. In the 4 risk factor category, obesity was observed in 63.4% of men and 80.0% of women. In this category, diabetes was also detected in 66.2% of men and 79.5% of women. The mean decreases in IADL scores according to the number of CVD risk factors (0, 1, 2, 3, 4) were -0.90, -1.03, -1.05, -1.67 and -1.25, respectively. Table 3 shows the difference in IADL scores between 1995 and 2000, focusing on the presence/ absence of cardiovascular risk factors. The decrease in IADL scores was larger in both men and women with any cardiovascular risk factors (with the exception of hypercholesterolemia and high serum TG) than in those without. In this comparison, however, no significant difference was observed other than for low serum HDLC in women. Table 4 shows the relationship between the 5-year difference in IADL scores and the number of cardiovascular risk factors at the baseline survey. As the number of cardiovascular risk factors increased, IADL scores decreased significantly. Among subjects who were regarded as independent with respect to basic (physical) ADL in the first IADL survey in 1995, IADL scores also decreased significantly as the number of cardiovascular risk factors increased.
The multivariable odds ratio (OR) for decreased IADL after adding one CVD risk factors in model 1 was 1.15 (95% confidence interval (CI), 1.04 − 1.28). When we performed further adjustment for the TMIG score at baseline (Model 2), the odds ratio was almost the same (OR, 1.16; 95%CI, 1.04 − 1.29). Among participants who were regarded as physically independent with respect to basic ADL in the baseline survey, the odds ratio was also similar and significant.
Although the TMIG score indicated a broader range of activity in daily life for the elderly than the narrowly defined IADL, the above results were substantially similar when we only used the subscale of IADL in the TMIG score.
Discussion
The present study found a significant inverse relationship between the number of cardiovascular risk factors and the decrease in IADL scores during a 5-year period in this representative sample of elderly Japanese people. Even though the effect of each individual risk factor did not reach statistical significance, the accumulation of cardiovascular risks resulted in a significant decrease in IADL scores. These results suggest that appropriate management of the cardiovascular risk factors might prevent a decline in IADL in elderly residents.
Okamura et al. reported that elderly residents with systolic hypertension (≥ 160 mmHg) in two communities located in Akita and Kochi Prefectures showed a 3.41 times higher odds ratio for having low IADL scores than those with normal blood pressure 17) ; however, they surveyed the TMIG Index of Compe- tence only at the end of follow-up. In the Framingham Disability Study, Pinsky et al. reported that hypertension, obesity, and diabetes adversely affected ADL in women after 27 years, while only hypertension adversely affected ADL in men 18) ; however, IADL was not evaluated in that study. We reported the impact of serum albumin and total cholesterol (TC) on ADL in NIPPON DATA80 19) . Serum albumin was inversely associated with a composite outcome of death or impaired ADL in the group below the median of TC in both sexes; however, in that study, IADL was not evaluated and ADL was assessed only at the end of follow-up.
The above-mentioned previous studies focused only on the relationship between the respective risk factors and ADL or IADL. As previously reported, individual risk factors, such as hypertension, dyslipidemia, and diabetes, are associated with the development of cardiovascular disease; however, even though each of these cardiovascular risk factors may elevate the risk only slightly, the risk becomes more powerful when they are combined 20, 21) . Metabolic syndrome is a cluster of risk factors comprising insulin resistance, increased abdominal fat, dyslipidemia, and hypertension 22) . To our knowledge, the present study is the first to show the relationship between the accumulation of cardiovascular risk factors and IADL in communitydwelling elderly using a cohort design.
The present study suggests that the presence of multiple risk factors might contribute to the decline in IADL in the future. Cerebral infarction associated with impaired cognition without a clinical symptom is common, even in older men and women 23) . Bokura et al. suggested that the clustering of metabolic risk factors tended to increase the prevalence of silent cerebral ischemic lesions in 1,151 healthy Japanese subjects 24) . Furthermore, Elias et al. indicated that the risk factor profile for stroke was associated with low cognitive performance in a cross-sectional analysis of the Framingham Offspring Study 25) . These findings were consistent with those of the present study.
There are several limitations to our study. First, the risk factors selected were examined not in the initial IADL survey but in the survey conducted 5 years earlier. However, the accuracy of cardiovascular risk factor definition was assured because risk factors were based on medical examinations rather than on respondents' self-reports. Moreover, participants with severe disease at the time of the risk factor survey might have found it difficult to attend the first IADL survey, which was held 5 years later. This might have allowed us to avoid "reverse-causality"; in other words, participants with subclinical severe disease that was not detected by the risk factor survey were less likely to be included in the first IADL survey. As previously reported, NIPPON DATA90 was a cohort study of a representative sample of Japanese, as participants of this cohort were randomly selected from the Japanese population; however, in the present study, as subgroup analysis of elderly participants of NIPPON DATA90, participants were limited to those living in districts under the jurisdiction of collaborating health centers, although we believe that there was no systematic bias in the regions whese public health centers did not collaborated with the present study. Non-surveyed districts were distributed uniforml throughout Japan. Furthermore, there was no difference in substantial health status between surveyed and non-surveyed districts due to the incorporation of health centers. For example, there was not significant difference in all-cause mortality between two districts during follow-up periods. Second, because the IADL survey was conducted only every 5 years, we could not pinpoint exactly when and why IADL declined during the 5-year period.
In conclusion, we found a significant relationship between the number of cardiovascular risk factors and the decrease in IADL scores among this cohort, which is thought to be representative of the Japanese population. Interventions aimed at preventing cardiovascular risk factors, especially the accumulation of such risk factors, may therefore be effective to prevent a future decline in IADL for the Japanese elderly, allowing them to live a healthy and active life. The number of risk factors was the sum of the following seven items: hypertension, diabetes, hypercholesterolemia, low serum HDL cholestrol, high serum TG, obesity, and current smoking. Model 1, include age, sex, number of risk factors, daily alcohol consumption, ex-drinker and ex-smoker; Model 2, model 1 TMIG at baseline (1995). Sex was defined as Male 0 and Female 1. Daily drinking means drinking at least 1 drink per day. Ex-drinker means having discontinued alcohol consumption. Ex-smoker means having discontinued smoking.
